Abstract: This in vitro study evaluated the effectiveness of whitening dentifrices for the removal of extrinsic tooth stains. Twenty dental blocks (4 x 4 mm), including enamel and dentine, removed from freshly extracted bovine incisors, were randomly divided into 4 groups: G1 -distilled water, G2 -Colgate, G3 -Crest Extra Whitening and G4 -Rapid White. In all specimens, the dentin was covered with colorless nail polish, and the enamel was left exposed. Next, the specimens were immersed in a solution of black tea, which was changed every 24 h, for a period of 6 days. After this period, a photo-reflectance reading was taken (Time 1) with a spectrometer. The stained specimens were then submitted to linear brushing movements (5,000 cycles) using brushes (Oral B-Soft) coupled to an automatic toothbrushing machine, under a static axial load of 200 g and with a speed of 4 movements/second, at 37°C, with the dentifrice or water being injected every 60 s. When toothbrushing ended, a second photo-reflectance reading was taken (Time 2). The results were submitted to two-criteria analysis of variance (ANOVA) and to the Tukey test (α = 0.05). When the two times for a same group were compared, Time 2 presented the highest reflectance values with statistical difference only for G3 and G4. Among the dentifrices tested, only the Rapid White group differed from the control group, presenting the highest reflectance values. Only the whitening dentifrice Rapid White was effective for the removal of extrinsic stains.
In vitro assessment of the effectiveness of whitening dentifrices for the removal of extrinsic tooth stains Abstract: This in vitro study evaluated the effectiveness of whitening dentifrices for the removal of extrinsic tooth stains. Twenty dental blocks (4 x 4 mm), including enamel and dentine, removed from freshly extracted bovine incisors, were randomly divided into 4 groups: G1 -distilled water, G2 -Colgate, G3 -Crest Extra Whitening and G4 -Rapid White. In all specimens, the dentin was covered with colorless nail polish, and the enamel was left exposed. Next, the specimens were immersed in a solution of black tea, which was changed every 24 h, for a period of 6 days. After this period, a photo-reflectance reading was taken (Time 1) with a spectrometer. The stained specimens were then submitted to linear brushing movements (5,000 cycles) using brushes (Oral B-Soft) coupled to an automatic toothbrushing machine, under a static axial load of 200 g and with a speed of 4 movements/second, at 37°C, with the dentifrice or water being injected every 60 s. When toothbrushing ended, a second photo-reflectance reading was taken (Time 2). The results were submitted to two-criteria analysis of variance (ANOVA) and to the Tukey test (α = 0.05). When the two times for a same group were compared, Time 2 presented the highest reflectance values with statistical difference only for G3 and G4. Among the dentifrices tested, only the Rapid White group differed from the control group, presenting the highest reflectance values. Only the whitening dentifrice Rapid White was effective for the removal of extrinsic stains. 
Introduction
Patients increasingly seek to have an attractive smile, as it is considered to be synonymous with health. This growing demand for enhanced esthetic appearance has led to great development of bleaching products. 1 However, before any of the bleaching products available on the market can be used, it is first necessary to look into the etiology of dental discoloration. 2 Tooth color is influenced by a combination of intrinsic and extrinsic staining. Extrinsic pigmentations can originate from a smoking habit, from the use of certain cationic agents, such as chlorexidine, and from a diet rich in coloring foods. 3 When beverages, such as coffee and tea, are frequently consumed, colors are deposited on the plaque and biological film present on the enamel surface, leading to tooth discoloration. 4 These extrinsic stains can be removed by professional prophylaxis. However, the patient's use of a dentifrice can also contribute to dental stain removal and prevent recurrent discoloration. 5 The dentifrice's stain-removal property is firstly related to the abrasives present in its composition. 6 It is important to point out that if, on one hand, an increased dentifrice abrasiveness leads to improved stain removal efficacy, on the other hand it increases tooth wear. 7, 8 Thus, dentifrices containing active ingredients specifically designed for tooth stain removal, known as whitening dentifrices, have been introduced on the market. 9, 10 These dentifrices usually have enzymes in their composition that help to break down the organic components of biological film and remove stains and bacterial plaque. 11, 12 Considering the presence of chromogenic bacteria, bacterial plaque removal also helps whitening teeth. 5 Another common dentifrice component is detergent, especially sodium lauryl sulfate. It acts by lowering the surface tension of stainproducing molecules, thus disrupting their potential to bind to enamel. 9 Some whitening dentifrices also contain low peroxide concentrations, with the aim of releasing free oxygen radicals. 13 These radicals are responsible for an oxidation reaction, which is the principle of the bleaching technique used for extrinsic and intrinsic stain removal. 9 Considering the fast development of new whitening products and their growing use by patients, this study aimed to evaluate the effectiveness in vitro of whitening dentifrices for extrinsic tooth stain removal. The null hypothesis tested was that there is no difference between the dentifrices used in this study.
Material and Methods
Twenty bovine teeth, stored in a 0.1% thymol solution, were selected for this study in accordance with the color similarity that most of them presented. Very dark or light teeth that stood out against the others were excluded by the visual method. The teeth had their roots removed and, next, the crowns were cleaned with water slurry of pumice flour in a rubber prophylaxis cup at low speed and examined under a light microscope (x4) to exclude those with cracks.
Every tooth crown was set in an acrylic square base, which was fixed to a precision low-speed water-cooled diamond saw (Imptech PC10, Equilam Lab. Equip., Diadema, SP, Brazil) with two parallel disks, spaced 4 mm from each other and perpendicular to the buccal surface of the tooth. Each tooth was cut in the incisogingival and in the mesiodistal directions, resulting in a 4 x 4 mm block. The height of each block was also standardized at 3 mm, measured with a digital caliper (727-6/150, Starret, Itu, SP, Brazil). Superficial enamel was wet polished with silicon carbide (SiC) paper #600 and #1,200 grit until the surface was flattened, while trying to maintain the largest possible thickness of enamel.
Afterwards, these dental blocks were randomly distributed into four experimental groups, according to the dentifrice to be used in this experiment. In one of these experimental groups, the blocks were brushed without dentifrice, with distilled water only, this being considered the control group. The experimental groups were as follows: G1 -control (distilled water), G2 -Colgate Total Regular (Colgate-Palmolive Indústria e Comércio Ltda., S. B. Campo, SP, Brazil), G3 -Crest Extra Whitening (Procter & Gamble, Cincinnati, OH, USA) and G4 -Rapid White (Rapid White Products, Tonawanda, NY, USA). The composition of each dentifrice is listed in Table 1 .
The enamel blocks were extrinsically stained with a black tea solution. In all the specimens, the dentin was covered with colorless nail polish, and the enamel was left exposed. Next, the specimens were immersed in a standard solution of black tea, which was renewed every 24 h, for 6 days ( Figure 1 ). The tea solution was produced by boiling 1.6 g of black tea (black tea leaves, Leão Junior S.A., Curitiba, PR, Brazil) in 100 ml of distilled water, for 5 min and fi ltering it through gauze to remove the tea leaves from the infusion. After this period, a photo-refl ectance reading was taken (Time 1) with a spectrometer.
For the refl ectance analysis, a Tefl on sphere in the refl ectance confi guration was used. Refl ectance is the luminous radiation portion that is refl ected by the material under study. Before the bleaching procedure, the samples were placed in a sample carrier that comprises a spectrometer sphere to obtain the initial reading (baseline). The integrating sphere optical signal was captured by an optical fi ber with 600 µm in diameter attached to a white light source. The optical potency available in the optical fi ber tip was 5 mW, and this fi ber was placed 2 mm from the reference pattern (Tefl on diffuser) and this distance was kept to the sample (Figure 2) .
The refl ectance signal was confi ned inside the integrating sphere and from this a proportional signal fraction was collected for analysis in the spectrometer, where it underwent spectral dispersion through a diffraction grating. The dispersed signal was refl ected to a CCD (Charge Coupled Device) camera that converted the optical signal into a digital signal, which was interpreted by the computer and exhibited as intensity X wavelength signal. The refl ectance analysis data reading was made with the aid of a microcomputer, which makes the spectral measurement available to the user in a fi le, as a result of the wavelength. The measurements of each sample were dealt with in order to obtain the area given by the graph (%).
After the initial photo-refl ectance reading, the stained specimens were submitted to linear brushing. For that, the blocks were allocated to the toothbrushing machine (Equilabor, Piracicaba, SP, Brazil) and were fi xed on the machine support with hot glue so that the vestibular surface of the sample was parallel to this support. The dentifrices used in the experiment were diluted in distilled water at a ratio of 1:3 by weight. This ratio was used in order to allow the solution to be injected into the toothbrushing machine without obstructing the syringe tip.
The stained specimens were submitted to linear Dentin covered with nail polish Black tea solution brushing movements using toothbrush heads (Oral-B Indicator 40 Soft, Gillette do Brasil Ltda., Manaus, AM, Brazil) coupled to an automatic toothbrushing machine (Figure 3 ), under static axial load of 200 g and with a speed of 5 movements/second, at 37°C, the dentifrice or water being injected every 60 s. Five thousand brushing cycles were accomplished, which is equivalent to approximately 6 months of toothbrushing. When toothbrushing ended, the specimens were removed from the toothbrushing machine and were washed with water spray until the dentifrice residues had been removed. A new photo-reflectance reading was taken (Time 2).
The results were submitted to two-criteria analysis of variance (ANOVA), the factors being dentifrice and time, and to the Tukey test at a 5% significance level.
Results
The analysis of variance showed no significant effect for the dentifrice factor alone (p = 0.28), but for the time factor (p < 0.01) and for the dentifrice and time interaction (p = 0.02) the differences were statistically significant. The results for the Tukey test are shown in Table 2 .
Before brushing, there was no significant difference for the reflectance values among any of the studied groups. After brushing, Rapid White presented higher reflectance values, although differing significantly only from the distilled water group. At this Time, the other two dentifrices used, Regular Colgate and Crest Whitening, did not differ from any of the other groups.
For the same group, there were statistically significant differences between the values of the reading taken after brushing and those of the first reading only for Rapid White and Crest Whitening. For distilled water and Regular Colgate, there was no significant difference between the two times of reading.
Discussion
Tooth color is the result of the behavior of incident light on its surface. Part of the incident light on 
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the tooth scatters, while the other part is absorbed by pigmented proteins and other pigments present in the tooth. The greater the increase in the amount of these pigments, the greater is the absorption of the incident light and the darker the tooth becomes. 14, 15 Many methods are currently used to assess tooth color, the objective methods such as reflectance spectrophotometer analysis being the most reliable. 16, 17 Spectrophotometers and colorimeters are instruments commonly used to measure the color of an object. Spectrophotometers differ from colorimeters in that they measure the reflectance of light within the entire visible spectrum, whereas colorimeters measure reflected light in only three wavelengths: red, green and blue. 15 In the present study, the color alteration measurements of the specimens were taken by a reflectance spectrophotometer. For this, a light was made to fall on the enamel surface of each specimen through an optical fiber, the entire reflected portion of the light being caught by the device and then quantified. Thus, as the tooth got whiter, a lower amount of light was absorbed and the reflectance value was higher.
To standardize the initial color of the specimens, a solution of black tea was used. The method used in this study for simulated extrinsic tooth staining was demonstrated to be effective. At the end of tooth specimen immersion in the black tea solution, the reflectance reading disclosed a similarity in the color of dental enamel among the specimens, without statistical difference between groups. Sulieman et al. 18 (2003) also used black tea for six days to create staining in dental specimens, which permitted tooth bleaching effectiveness to be assessed. In their study, the authors also developed an intrinsic dentin pigmentation staining. In the present study, however, contact with the tea solution was restricted to the enamel only.
According to Sexson, Phillips 19 (1951) , for each toothbrushing session a patient performs, approximately 15 cycles are executed in a determined area. Thus, in two daily toothbrushing sessions, 10,000 cycles are performed at the end of one year. In the present study, 5,000 brushing cycles were performed, which is equivalent to approximately 6 months of toothbrushing. The majority of studies that evaluate dentifrice whitening effects are conducted in a period that varies from 2 weeks to 6 months. 12 Thus, a relatively long time of brushing was simulated in this study, seeking to optimize the whitening effect of the dentifrices used. It is also important that during brushing, dentifrice was injected every 60 s, which allowed the active dentifrice components, among them the abrasives, to be renewed.
When the reflectance values for both of the tested times are compared, it was found that the whitening dentifrices, Crest Whitening and Rapid White, presented higher reflectance values than the conventional dentifrice (Colgate Regular) after the brushing protocol. These whitening dentifrices have enzymes and detergents in their compositions, which are thought to help with stain removal. Comparing all the dentifrices, the Rapid White was the only one to statistically differ from the control group (distilled water). Rapid White has a small amount of hydrogen peroxide, which releases free radical oxygen capable of combining with the stain molecule, thus removing it. However, this component stays in contact with the tooth for a short period of time, which limits its action.
The whitening effect can be attributed to the extrinsic stain removal and also to the change in the reflection of the light.
14 According to Wulknitz 13 (1997), hydrated silica has great cleaning ability and, consequently, stain removal ability. All the dentifrices tested present hydrated silica in their compositions. The incorporation of abrasives in dentifrices might help physically remove stain, thus some degree of stain removal may be expected even with regular products. 20 The two whitening dentifrices tested in the experiment did not differ from the regular one as regards reflectance.
Crest Whitening also has sodium bicarbonate as abrasive. Kleber et al. 21 (1998) investigated the whitening effect of toothbrushing with different concentrations of sodium bicarbonate-based dentifrices and concluded that the dentifrices that presented this type of abrasive were more efficient for stain removal. In the present study, Crest Whitening did not significantly differ from Rapid White and Colgate Regular as regards reflectance values.
It is important to note that in addition to the type of abrasive, the amount of this component has a direct relation to dentifrice abrasiveness. The abrasive should ideally provide stain removal without causing wear of the tooth. 6 Therefore, the results of this study must be viewed with caution, since only the whitening effect of two whitening dentifrices was assessed. The enamel wear caused by these dentifrices still needs to be assessed before they are recommended for routine use.
Conclusion
Only the whitening dentifrice Rapid White was effective for the removal of extrinsic stains.
